Background Accurate, adequate, and timely food and nutrition information is necessary in order to monitor changes in the US food supply and assess their impact on individual dietary intake.
T HE MODERN, GLOBAL FOOD SUPPLY IS COMPLEX, ever-changing, and expanding. In 2010, we identified >85,000 uniquely formulated food and beverage products in the consumer packaged goods sector of the US food system alone. 1 The introduction of new products, removal of out of favor products, and reformulations of existing products results in continuous change and turnover of the food supply. In contrast, the resources available to countries across the globe to monitor this dynamic food system and to understand its impacts on human health are limited.
Accurate, adequate, and timely food and nutrition information is necessary for planning and evaluating the effects of nutrition programs and policies, for predicting future dietary intake trends, and for understanding the impacts of the changing food environment on health. Nutrition researchers have based our understanding of US diets, in large part, on foods reported in national nutrition surveys, such as What We Eat in America (WWEIA), the dietary intake component of the National Health and Nutrition Examination Survey (NHANES). However, the number of unique foods and beverages reported in any given 2-year collection period of WWEIA is much smaller than the number of products available in the marketplace (approximately 7,300 reported items in 2009-2010 as compared to >85,000 products available). Furthermore, updates of the national food composition data, which are used to determine nutrient intakes, occur infrequently due to limited resources. Consequently, many government and advisory reports have noted the need to enhance the accuracy and adequacy of food system surveillance in the United States. [2] [3] [4] In this article, we describe an approach for monitoring US food and nutrient information from the factory to the fork. We focus on the consumer packaged goods food and beverage sector, as it accounts for >60% of caloric intake among US children and adolescents 5 and is the most difficult component of the food supply to monitor due to the dynamic ª 2014 by the Academy of Nutrition and Dietetics.
nature of product offerings. The Crosswalk we have developed augments national nutrition surveys with commercial food and beverage purchase and nutrient databases to capture changes in the US food supply from factory to fork. Our report describes the factory to fork Crosswalk developed to link each of the foods and beverages reported in a given cycle of the WWEIA-NHANES to corresponding consumer packaged goods food and beverage items that were purchased by US households during the equivalent time period.
METHODS

Nielsen Homescan (Commercial Consumer Packaged Goods Purchases Data)
For this article, Nielsen Homescan data from 2007 through 2008 were used. Homescan contains detailed bar codeelevel information about household food purchases brought into the home and contains all bar code transactions from all outlet channels, including grocery, drug, mass-merchandise, club, supercenter, and convenience stores. The data are collected daily by providing scanning equipment to a sample of 35,000 to 60,000 households across 76 major metropolitan and nonmetropolitan markets in the panel survey each year. 6 All purchases are linked to retail stores and markets and include price paid. Homescan also contains key sociodemographic and household composition data and basic geographical identifiers, as well as household weights for each year of data in order for analyses using Homescan to be nationally representative. [7] [8] [9] Others scholars and government agencies have used and evaluated these data, and have found that, while the sample tends to be older and higher income, the household weights provided by Nielsen re-weights the sample to be nationally representative for consumer packaged goods purchases. 7, 8, 10 Nutrition Facts Panel Data (Commercial Consumer Packaged Goods Nutrition Data) Nutrition Facts Panel (NFP) data are the nutrition data found on food labels of consumer packaged goods products. As required by the US Food and Drug Administration (FDA), label data contain information on serving-size measurement, total calories, calories from fat, total fat, saturated fat, trans fat, total sugars, total carbohydrate, protein, dietary fiber, sodium, cholesterol, vitamin A, vitamin C, calcium, and iron. 11 Commercial NFP data sources also contain the full ingredient list, brand name, and all other printed material on each product package. We obtained the NFP data from a number of commercial sources (eg, Mintel Global New Product Database and Datamonitor Product Launch Analytics) described in earlier publications. 5 The NFP data include date of data collection, and there can be multiple NFP records for some bar codes over time. For the purposes of this article, linking foods purchased with foods consumed in 2007-2008, we used NFP records that were collected between 2006 and 2009 (using the closest date when more than one record was available) for matching with the Nielsen Homescan 2007 and 2008 purchase data. There is currently no existing way to validate the accuracy of the >200,000 records of NFP data.
WWEIA (Public Dietary Intake Data)
WWEIA is the dietary intake interview component of the NHANES and is conducted as a partnership between the US 13 
Factory to Fork Crosswalk Methods
The major steps used in creating the Crosswalk include (detailed explanations follow):
1. Create a list of USDA food codes that represent foods and beverages reported consumed in a given WWEIA-NHANES cycle, and determine where each food was obtained (eg, store, restaurant). 2. Map USDA food codes to corresponding commercial bar codes. 3. Convert nutrient information of bar codes from "as purchased" to "as consumed" form if needed. 4. Create a Crosswalk-based nutrient profile for each USDA food code.
Step Matching individual bar codes to specific USDA food codes occurred at the smaller group level. In order to standardize matching, RDNs first independently matched a sample of USDA food codes, and then the research team jointly determined decision rules that would be applied to the remaining matches. Each RDN independently documented the rationale for matching. A detailed description of the linking process is provided in Figure 1 .
Step 3: Convert Nutrient Information from "As Purchased" to "As Consumed" Form, if Needed. As the WWEIA-NHANES is a dietary intake survey, the eight-digit USDA food codes that are the foundation of the Crosswalk are primarily in the "as consumed" form. Subsequently, before the creation of a Crosswalk-based nutrient profile for each USDA food code, the as purchased nutrient data for some of the products from the commercial databases were adapted to reflect the nutrients of the products as consumed. In brief, all products linked to a USDA food code were sorted by market share, and unique product-specific preparation factors were created for products that accounted for the top 25% of dollars spent within that food code (or for the top 10 products, if <10 products accounted for 25% of dollars spent). Unique factors were based on the manufacturers' directions for preparing the products for consumption, and each unique factor was also applied to identical products with a different bar code (eg, a unique factor created for a single-serving beverage concentrate with the highest market share would be applied to a larger package of the same beverage concentrate with a lower market share). Identical products were determined using product descriptions, attributes, nutrients, and ingredients. Once all unique factors were assigned, a weighted average of the unique factors was assigned to all remaining products.
When products needed to be adapted to match the USDA food code form, unique product-specific preparation factors were derived based on manufacturers' directions and applied to the as purchased forms (Figure 2 ). Beverage products, as purchased, exist in three main forms: ready to drink, liquid concentrate, and powder concentrate. A detailed description of the preparation factors for each beverage form is provided in Figure 3 .
Step 4: Create a Crosswalk-Based Nutrient Profile for Each USDA Food Code. For each USDA food code, a Crosswalk-based nutrient profile was created by weighting the nutrient information by the purchase volume (or weight) of all bar codes linked with that USDA food code. For all products measured in milliliters, including ready-to-drink beverages, USDA food code-specific density factors were derived using the weight for a given volume of a beverage from the FNDDS. For each USDA food code Crosswalk-based nutrient profile, an RDN performed a series of checks to confirm that nutrient values were appropriate and reasonable. Checks included examinations of bar code outliers within each code, examinations of all bar codes for USDA food codes where fewer than five bar codes were linked, and examination of all cases where the FNDDS nutrient profile and the UNCFRP nutrient profile differed by >50%.
Statistical Analysis
To compare the data from the Crosswalk approach with the standard USDA FNDDS data, we conducted two sets of analyses. First, we compared the Crosswalk nutrient profiles with the FNDDS 4.1 nutrient profiles for corresponding USDA food codes. Second, we compared day 1 dietary intakes from WWEIA-NHANES using the Crosswalk nutrient data and the FNDDS 4.1 nutrient data. Dietary recalls (day 1 only) for all respondents with data on dietary intake variables of interest were included in the analysis. Appropriate weighting factors were applied to adjust for differential probabilities of selection and various sources of nonresponse. The Crosswalk nutrient profiles and the FNDDS 4.1 were each applied to the dietary recall data (n¼8,528) from stores only for After the research team obtains a list of US Department of Agriculture (USDA) food codes reported consumed in What We Eat in America (WWEIA) 2007-2008 as obtained from stores and vending, the team of registered dietitian nutritionists (RDNs) reviews the USDA food codes and attempts to group similar USDA food codes together. USDA food codes are grouped together based on various similarities in food form, intended use, production methods, and ingredients. The research team jointly determines appropriate large groups (eg, cheese, yogurt) and reviews the independently assigned smaller groups (eg, cottage cheese, mozzarella cheese, cream cheese). The individual RDN designs a plan for developing the nutrient profile of not further specified (NFS) or not specified (NS) USDA food codes by combining direct-linked USDA food codes plus any additional bar code unable to be directly linked.
Example: "Cheese, Mozzarella, NFS" would include all bar codes linked to Cheese, Mozzarella, Whole Milk; Cheese, Mozzarella, Part Skim; Cheese, Mozzarella, Low Sodium; Cheese, Mozzarella, Nonfat or Fat Free; and any additional bar codes for which fat or sodium level information was unobtainable.
With the development of the smaller groups and plan for linking, each RDN reviews the available bar codes, which are organized into modules based on commercial categorization. The RDN reviews all available product attributes, which vary by module but can include flavor, variety (fat level), food form (sliced, shredded, powder), processing method (spray-dried), packaging (zip-top bag, aerosol can), salt (not salted). The RDN reviews each bar code within the appropriate modules and applies one or more appropriate USDA food code links using all available product information, including brand name, product description, size, ingredients, and nutrient profile in addition to any previously listed attributes available by module. Figure 2 . Product-specific preparation factors used for converting beverage nutrient information from "as purchased" to "as consumed" form.
RESEARCH
Powder Concentrate Form
Beverage products in powder concentrate form required addition of various ingredients-primarily water, milk, and sugar. Preparation factors were coded as "grams of ingredient per gram of product." The adjusted per 100 g nutrients account for the change in volume, as well as the change in nutrients resulting from the ingredients added. Nutrients from ingredients were based on the US Department of Agriculture (USDA) Standard Reference. For example, a product requiring addition of 2% milk would receive a preparation factor indicating addition of a specific amount of Standard Reference Code 01079 Milk, reduced fat, fluid, 2% milk fat, with added vitamin A and vitamin D. Liquid Concentrate Form Beverage products in liquid concentrate form required addition of water in milliliters (1 mL¼1 g). The product package size was multiplied by a "food form factor" that yielded the volume of ready-to-drink beverage, and the nutrients per 100 mL were adjusted accordingly. In order to convert milliliters to grams, "density factors" were created based on the weight for a given volume of a beverage from the Food and Nutrient Database for Dietary Studies (FNDDS); therefore, density factors were specific to the USDA food code, and all products linked to a given USDA food code received the same density factor. For example, for code 61210620 Orange Juice, frozen (reconstituted with water), 8 fl oz (236.588 mL) is equivalent to 249 g. We divide 249 g by 236.588 fl oz to calculate the density factor: 1.052 g/mL. Dividing the nutrients per 100 mL by 1.052 g/mL yields the nutrients per 100 g. Ready-to-Drink Form Beverage products in ready-to-drink form required conversion from milliliter to gram by density factor, as described. No other adjustments were needed. respondents 2 years of age and older. Mean intakes of calories, sodium, saturated fat, and total sugar from each beverage category and the yogurt and cheese categories were estimated separately for each nutrient profile. To test for statistical differences between nutrient profiles, we used independent two-sample t-tests. Differences were considered statistically significant at the P<0.05 level. Data analyses were conducted using SAS (version 9.3, 2010, SAS Institute Inc).
RESULTS
The 2007-2008 factory to fork Crosswalk has been completed for all beverages, yogurts, and cheeses. All USDA codes representing random-weight items (n¼19, eg, lemon juice, freshly squeezed), home-prepared items (n¼20, eg, fruit punch made with fruit juice and soda), and other items not found in the commercial database (n¼17, eg, cantaloupe nectar) were not mapped to commercial bar codes. These items represent <14% of total caloric consumption of beverages (53 USDA codes) and 2% of total caloric cheese consumption (4 USDA codes). There were no unlinked yogurt USDA codes. For all 56 USDA codes that were not linked to bar codes, the nutrient profile from the FNDDS version 4.1 was used.
Various bar codes purchased by households in the Nielsen Homescan panel data in 2007-2008 were not included in the Crosswalk-based nutrient profile. There were 688 food and beverage products that were similar to items reported in WWEIA, although nutritionally different (eg, nonfat cottage cheese, liquid ready-to-drink chocolate milk sweetened with non-nutritive sweeteners, strawberry juice) (Figure 4) . Therefore, these products were linked to a USDA food code, but not used in the Crosswalk-based nutrient profile. Figure 5 provides a comparison of nutrient profiles for two beverages. For low-fat fluid cow's milk, differences between all nutrients were negligible, while noteworthy differences in calories, sodium, carbohydrates, and sugars were observed for low-fat chocolate milk.
Comparison of Nutrient Intake Results
Differences were observed in the mean daily calories, sodium, and total sugars reported consumed from beverages, yogurts, and cheeses depending on whether the FNDDS 4.1 or the Crosswalk nutrient profiles were used. Mean caloric intake of fluid milk and sugar-sweetened beverages was higher when the Crosswalk nutrient profiles were applied to WWEIA-NHANES 2007-2008 intake data as compared to when the FNDDS 4.1 was applied to the same intake data (Table 1) . In contrast, lower caloric intakes were observed for energy drinks, fruit juice, sport drinks, yogurts, and cheese/cheese products when using the Crosswalk nutrient profiles as compared to the FNDDS 4.1. Mean sodium intake from total beverages, coffee/tea, fluid milk, fruit juice, sugar-sweetened beverages, and cheese was higher when the Crosswalk nutrient profiles were applied to WWEIA-NHANES 2007-2008 intake data as compared to when the FNDDS 4.1 was applied to the same intake data ( Table 2 ). In contrast, lower sodium intakes were observed from water products when using the Crosswalk nutrient profiles as compared to the FNDDS 4.1. Mean total sugars intake from total beverages, coffee/tea, sport drinks, fruit juice, and sugar-sweetened beverages was higher when the Crosswalk nutrient profiles were applied to WWEIA-NHANES 2007-2008 intake data as compared to when the FNDDS 4.1 was applied to the same intake data ( Table 2 ). There were no significant differences in saturated fat intakes when alternate nutrient profiles were applied ( Table 2) .
DISCUSSION
The Crosswalk approach augments national nutrition surveys with commercial food and beverage purchases and nutrient databases to capture changes in the US food supply from factory to fork. The Crosswalk provides a comprehensive and representative measurement of the types, amounts, prices, locations, and nutrient composition of consumer packaged goods foods and beverages consumed in the United States and has potential to be a major step forward in understanding the consumer packaged goods sector of the US food system and the impacts of the changing food environment on human health. In completing the 2007-2008 Crosswalk for beverages, yogurts, and cheeses, we identified items within these categories that were purchased by households in the Homescan panel, but did not appear in the WWEIA-NHANES survey. Examples include protein water, almond and rice milks, thickened "milk shake"Àtype beverages, beverage products designed for people with specific medical conditions, and vegetable juice for babies. We found additional examples that were similar to items reported in WWEIA-NHANES, but which contained modifications that resulted in significantly different nutritional profiles. For example, tea products with a whitening ingredient (eg, creamer), such as chai latte mix, could be linked based on type of tea and sweetener, but were not ultimately used in the Crosswalkbased nutrient profile due to the additional calories and nutrients from the whitening ingredient. It is important to note that WWEIA-NHANES respondents may have reported these items, yet they were not coded as such, given the timing of instrument development and the nature of coding and processing dietary intake survey data.
We identified only five examples of USDA codes that could be not be linked to sufficient bar codes with high-quality NFP data from which to develop a Crosswalk-based nutrient profile-fat-free parmesan cheese topping, cocoa powder, canned or bottled lemon juice, low-calorie fruit-flavored drink with high vitamin C made from powdered mix, and dry, unsweetened instant tea.
Comparisons of caloric intake results are not surprising, given the reported timing of updates of USDA nutrient information. When examining per-capita calories, the largest difference between the two nutrient profiles was for the sugar-sweetened beverage group. This result was anticipated, as the nutrient information for the soda category has not been updated since the release of FNDDS 2.0, which corresponds to the WWEIA dietary intake survey portion of the NHANES 2003-04.
The Factory to Fork Crosswalk system can also increase our understanding of the impacts of the changing food environment on dietary intake. Recently, manufacturers (eg, Healthy Weight Commitment Foundation members) and retailers (eg, Walmart) have begun making pledges to reduce calories and, in some cases, also sugars, fats, and sodium from their products. [14] [15] [16] Using the Factory to Fork Crosswalk system, we would be able to estimate the impact of these efforts on the diets of Americans.
The Factory to Fork Crosswalk system provides a framework for improved nutrition monitoring and surveillance of the large, ever-evolving consumer packaged goods sector of our food supply. Resources available for traditional approaches to government monitoring of this dynamic food system have proven insufficient. 4, 17 The Crosswalk system, which allows for standardized application of nutrient information from commercial data sources to WWEIA-NHANES, is an approach that could also be utilized by the USDA and other governmental bodies to update and maintain national food composition databases. There are additional surveillance and research needs that could be addressed utilizing the Factory to Fork Crosswalk system. While it is understood that there are unique race/ ethnic subpopulation preferences for various brands, the USDA food composition data does not have brand-specific products and cannot examine dietary profiles sensitive to brand preferences. Through the Crosswalk system, we will know the exact brands and products purchased by each subpopulation, and we will be able to use these results to appropriately weight the contribution of various products in order to create subpopulation-specific versions of the Crosswalk nutrient profiles. Furthermore, in addition to nutrients, the commercial nutrient databases contain information on ingredients and additives, as well as all package claims for products. Incorporating this information into the nutrient database would allow for surveillance and research on the complex nature of our changing food supply (eg, additives, specific allergens, gluten-free products). Finally, using the ingredients and nutrient information our research group is finalizing an approach for estimating nutrients of concern to RDNs that are not currently included on the NFP. We currently utilize a linear programming model similar to that employed by the USDA for analogous purposes 18, 19 to estimate the added sugars content of products.
Due to the complex nature of this Factory to Fork effort, there are important limitations. First and foremost are the quality and timeliness of the NFP data. The NFP data do not contain all nutrients and food components of interest to nutrition researchers; however, we believe that those included are of great value. Our group is currently finalizing an approach for estimating added sugar content of products using a linear programming model.
There are likely systematic differences in updating of NFP data, with less popular products being updated less frequently (although also contributing less to overall diets). In addition, the degree of NFP data accuracy may vary by nutrient and product due to rounding rules and definition of serving size. In addition, the 20% labeling measurement allowance between nutrients reported on the NFP and what is found during enforcement analyses and legal reporting rules reduces the precision of NFP data. 17 While we currently cannot assess the degree to which these limitations affect our work, the USDA is conducting a detailed, well-sampled full nutrient analysis of the top contributors to sodium in the United States. The USDA will compare this full nutrient analysis with the NFP for each product to allow assessment of the quality of the NFP data for selected consumer packaged goods. We look forward to this important contribution to the field.
An additional limitation involves the translation of nutrient information from foods and beverages in the as purchased form to foods and beverages in the as consumed form. We developed a standardized approach by food code that utilizes the food preparation methods per the package instructions in calculating nutrient composition. We acknowledge that this approach limits our ability to account for individual preparations; however, we have incorporated the provided modification codes in our analyses to account for individual fat additions.
Upon completion of the 2007-2012 Factory to Fork Crosswalks, additional research will carefully compare the extent to which the Crosswalk system and current surveillance and monitoring efforts reflect the marketplace.
CONCLUSIONS
